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(54) Liquid crystal display 

(57) A liquid crystal display comprising a display 
means for displaying characters and graphics, said 
means including a display portion comprising at least a 
liquid crystal panel; an illuminating means for illuminat- 
ing the display portion of the liquid crystal panel; a con- 
verging means for converging light rays from the illumi- 
nating means at the display portion of the liquid crystal 
panel. 

The illuminating means comprises a lamp unit 
(58,59) : a back light unit (63,57), and a diffusing plate 
(61 ) disposed on the front surface of a light-guiding plate 
(63) of the back light unit to diffuse light rays from the 
front surface of the light-guiding plate (63). 

A liquid crystal display holder (53) holds the lamp 
unit, the back light unit and the liquid crystal panel (51) 
in definite positions. 

An integrated-circuit chip (54a,54b) for a horizontal 
driver and an integrated-circuit chip (55a : 55b) for a ver- 
tical driver are mounted each on one of two adjacent 
peripheral edges of the liquid crystal panel (51 ) : and the 
lamp unit is mounted on one of two remaining peripheral 
edges of the liquid crystal panel (51 ), whereon no IC chip 
is mounted. 
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Description 

BACKGROUND OF THE INVENTION 

s [0001] The present invention relates to a liquid crystal display and, more particularly, to a lighting device using a 
prism lens for converging back light rays and for use in a back lighting device for liquid crystal displays, and a trans- 
mission type liquid crystal display for use in a portable type personal computer, word processor and liquid crystal 
television set and so on, and a back lighting device suitable for use in a transmission type liquid crystal display such 
as a portable type personal computer, a word processor, a liquid crystal television set etc, and more particularly, to a 

io back lighting device using a light guiding plate. 

[0002] Liquid crystal displays (LCD) do not radiate light and are required to be illuminated when they are being used. 
Accordingly, liquid crystal displays are each provided with a back light for ensuring the necessary luminosity. A back 
light is composed of a light source and a light diffusing element. Lighting from a light source such as an incandescent 
lamp (point-light source), a fluorescent lamp (line-light source) and the like is converted from a light diffusing element 

is to surface light for illuminating a liquid crystal display from the back. There are many kinds of proposed liquid crystal 
displays provided with back lights. 

[0003] For example, the publication of the unexamined patent application JRA.2-77726 discloses a liquid crystal 
display which has an aspherical condenser lens placed between a point light source and a liquid crystal panel and has 
an aspherical Fresnel lens. 

20 [0004] The publication of the unexamined patent application JP.A.61 -1 5104 discloses a liquid crystal display which 
has a light diffuser composed of a plurality of photoconductors disposed stepwise between a line light source and a 
diffusing plate having triangle-pole prisms disposed thereon. 

[0005] The publication of the unexamined utility model application JRU.2-62417 discloses a liquid crystal display 
which has a transparent plate between the light source and the diffusing plate and the transparent plate has a plurality 
25 of grooves placed thereon to function as a prism opposite the light source. 

[0006] As one of the means to increase the luminosity of the display light a method is proposed for increasing the 
luminosity of the display light in a specified direction by converging diffused light of the back lighting device by the use 
of a prism lens. 

[0007] As mentioned above : the application of a conventional prism lens may increase the luminosity of a liquia 
so crystal (LC) display in a specified direction but it produces a view angle with no quantity of light. This may impair the 
quality of the image on the LC display. Accordingly, a diffusing sheet is usually used between a prism lens and a liquid 
crystal (LC) panel. This means that light rays are converged and diffused again. Therefore the intended effect of the 
use ol the prism lens cannot be attained. It is possible to omit the diffusing sheet by increasing the vertex angle of a 
prism lens to the level at which the effect of a non-lighting quantity angle may be negligible. However, this may have 
35 little effect on the prism lens since the prism has an increased vertex angle that has decreased the converging power. 
[0008] The conventional liquid crystal display produces such a problem that external light may be reflected by front 
and rear surfaces of a transparent protection plate : a front surface of and in a liquid crystal panel, thereby its image 
visibility is impaired. 

[0009] The conventional liquid crystal displays have a limit in achieving reduction of their thickness and, at the same 

40 time, the increase of the brightness of their display screens. For instance, it is difficult to reduce the thickness of the 
liquid crystal display using a direct bottom-reflecting type back light. An attempt to increase luminance of the lamp by 
increasing current is accompanied by heating of the lamp, which leads to the damaging of the IC chips for the horizontal 
and vertical drivers disposed at the periphery of the display screen. It was difficult to satisfy both above-mentioned 
requirements at the same time. 

45 [0010] One of the disadvantages of the conventional light-guiding type back lighting device is that separate compo- 
nents may expand to create uneven spacing therebetween or be displaced during the assembly thereby causing uneven 
luminosity by the back light rays during the operation of the devices. In particular, in the case of assembling very thin 
components, e.g., 0.2mm thick converging, diffusing and reflecting plates, extreme care must be taken to prevent the 
expansion and displacement and also to avoid the erroneous positioning of the components and of damage from dirt 

so on their surfaces that may cause dark and luminescent spots on an image on the display screen of the liquid crystal 
panel. In addition, any conventional back light device may leak light rays through a gap between its lamp and light 
guiding plate and the device and its holder that causes the weaker luminosity of an image on the liquid crystal panel. 
[0011] The other disadvantage of the prior art is as follows: liquid crystal panels have a view angle characteristic that 
is particularly narrow in its vertical direction. Therefore, even if back light rays are applied uniformly at all visual angles 

55 to a liquid crystal display panel, the picture image quality of the display can be scarcely improved because of the very 
narrow viewing angle of the panel in a vertical direction. 

[0012] The present invention aims to achieve an increase in luminosity and to decrease the reflection of a liquid 
crystal display provided with an edge, light-type back lighting unit. 
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[00131 Technical subjects are (1) increasing the luminosity of a back .ighting unit and (2) reducing the reflection of a 

liquid crystal panel. invention proposes a back light that comprises a lamp (light source). 

[00141 Regarding the sub,ect (1 ), fte P rK6 ™^' £n the other hand Japanese publications of unexamined 
alight guidingp^eadiflusingp^a^ 

application JP.A.61 -15104 and IJP .U,2 ^ ' „ js of a light source, a hght- 

and the panel together with adhesive. 
SUMMARY OF THE INVENTION 

Leased luminosity of its display screen with a reduced thickness d*^**™ back ljght which has a n 

SgSgsHSSsSSSSSS 

S^r^SXl an axia, direction to increase front luminosity on the di*,ay screen 
thereby effectively using the back light rays. , igh ,^uiding type back lighting un* comprising 
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back liqhtinq unit with elements of high reflecting power covering the side surfaces of the light guiding plate internal 
S ! backus holder and the protrusion of the diffusing plate. A thus constructed back light ur^tjom 
uneven luminosity due to the displacement of the components during the unit assembly and has no leakage of l.ght 
rays thereby ensuring the highly effective use of the back light's rays. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00261 Fig. 1 is a view for explaining the converging action of a prism lens of the prior art. 

[00271 Fig 2 is a view for explaining the law of light refraction of a prism lens from the prior art. 
w [0028] Fig.3 is a view for explaining the critical reflecting angle of a light for a prism lens from the prior art. 

[0029] Fig.4 is a view for explaining the refraction state of a prism lens of the prior art. 

[0030] Fig.5 is a view for explaining another refraction state of a prism lens of the prior art. 

[0031] Fig.6 is a typical conventional liquid crystal display of a transmission back-lighted type. 

[0032] Fig.7A is a front view of an example of a conventional liquid crystal display. 
is [0033] Fig.7B is a sectional view along line VIIB-VUB of Fig.7A. 

[0034] Fig.SA is a f ront v view of another example of a conventional liquid crystal display 

[0035] Fig 8B is a sectional view along line VIIIB-VIIIB of Fig.8A. 

[0036] Fig 9 is a schematic view of a conventional back lighting device of a light-guiding type. 
[0037] Fig. 1 0 is a schematic view of a conventional back lighting device of a direct bottom reflecting type. 
20 [0038] Fig.11 A shows a prism lens embodied in the present invention. 

[0039] Fiq 1 1 B shows the visual characteristic of the prism lens shown in Fig. 11 A. 

0040 Fig 1 2 shows another embodiment of the prism lens, according to the present invention, which is capable of 
adjusting the visual characteristic by means of a surface area of a flat portion and a quantity of prism portions. 
[0041] Fig 1 3A shows another embodiment of a prism lens according to the present invention. 
25 [0042] Fig. 1 3B shows a visual characteristic by means of a vertex angle, the surface area of a flat portion and a 
quantity of prism portions. 

[0043] Fig.1 3C shows another embodiment of the prism lens. 
[0044] Fig 1 3D shows another embodiment of the prism lens. 

[00451 Fiq 1 4A shows still another embodiment of a prism lens according to the present invention. 
30 [0046] Fig.1 4B shows a prism lens, which is capable of marking by means of a non-lighting quantity angle of a prism. 

[0047] Fig.15A shows another example of a prism lens of Fig.14A. 

[0048] Fig. 1 5B shows a display screen at a viewing angle of 36.5° shown in Fig. 1 5A. 

[0049] Fig.15C shows a display screen at a viewing angle of 38.6° shown in Fig.15A. 

[0050] Fig. 1 6 shows a liquid crystal display embodying the present invention. 
35 [0051] Fig.17 is an enlarged view of a portion A of Fig.16. 

[0052] Fig. 1 8A is a front view of a liquid crystal display embodied in the present invention. 

[0053] Fig.18B is a sectional view along line XVIIIB-XVIIIB of Fig.18A. 

[0054] Fig. 1 9A is a front view of a lamp unit used in the embodiment of liquid crystal display. 

[0055] Fig 1 9B is a sectional view along line XIIB-XIXB of Fig. 1 9A. 
AO [0056] Fig,20 is a view tor explaining the construction of a back lighting device embodied in the present invention. 

[0057] Fig.2t is an enlarged section of a portion A of Fig.20. 

[0058] Fig 22 is a view of another embodiment of a back lighting device according to the present invention. 
[0059] Fig.23A is a view of still another embodiment of a back lighting device according to the present invention. 
[0060] Fig.23B is a sectional view along line XXIUB-XXIIIB of Fig.23A. 
45 [0061] Fig.24 is an enlarged section of a portion B of Fig.23B. 

[0062] Fig.25A is a view of another embodiment of a back lighting device according to the present invention. 
[0063] Fig 25B is a view of another embodiment of a back lighting device shown in Fig.25A. 

[0064] Fig.26 shows a view angle versus the luminosity of a back lighting device according to the present invention. 
. so PREFERRED EMBODIMEMT OF THE INVENTION 

[0065] As one of the means to increase the luminosity of the display light, a method is proposed for increasing the 
uminosity of the display light in a specified direction by converging diffused light of the back lighting device by the use 
Ta prism lens. The mechanism of a prism lens according to the prior art will be described in detail with reference to 

raom° RgTl A 9 1 B^re' vfews for explaining the converging function of a prism lens: Fig.1 A is a general construction 
view of a liquid crystal display and Fig.1 B shows a view angle characteristic of a prism lens, wherein A and B represent 
portions of the light's quantity distribution. A sheet 1 comprises small assembled pieces of prism lenses. Number 2 
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designates a liquid crystal panel and number 3 designates a back light composed of a light guiding plate, Reflecting 
plate a diffusing plate and a light source, e.g. a fluorescent tube, electroluminescence or daylight and number 4 des- 
ignates a diffusing sheet. ( . , im . ow . „ 

[0067] Fig.2 shows the law of light refraction. When a light beam enters at an incident angle 9, into a medium having 
s a refractive index n, the light beam refracts at 0 O as expressed by the following formula: 

0 o = sin~ 1 ((sin 0^/n) < 1 ) 

io [0068] When the refracted beam passes from the medium to the air, it refracts again at an angle 0 expressed by the 
following formula: 



is 



20 



8 = sin 1 (n x sin B Q ) 

= sin 1 (n x sin (sin" 1 (sin 0^/n)) 



= e x ... (2) 

25 [0069] The formula (2) shows that an incident angle of light is equal to the departure angle if the incident plane and 
departing plane are parallel to each other. 

[0070] Fig 3 shows a critical reflecting angle of light. A light ray enters a medium at an incident angle of 9<?> and 
refracts at an angle B limit expressed by the following formula. Therefore, if an incident angle of a light beam exceeds 
this angle, no refraction can occur and all the light energy is reflected by the interface. This angle is called a critical 
30 reflection angle. 

8,. = sin' 1 ( (sin 90°)/n) 
limit: 

*s = sin" 1 (1/n) ... (3) 



40 



[0071] Fig 4 shows the refractive state of a prism lens. A light beam enters a medium at an incident angle of ©» and 
refracts at a refraction angle of 0, expressed by the formula (1). If a vertex angle of a prism lens is denoted by 0 the 
refracted light beam encounters the boundary of the pnsm lens at the angle 0 2 expressed by the following formula. 



G 2 = 90° - 0 1 - 0 p /2 



(4) 



45 [0072] The light beam departs from the prism lens at an angle G3 (the angle made by the ray to an imaginary line 
perpendicular to the prism's surface) expressed by the folbwing formula: 

0 3 = sin" 1 (n x sin 0 2 ) ( 5 ) 

so 

[0073] Finally, the light beam appears as refracted at an angle 0 O expressed by the lormula: 
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= a - sin" 1 (n • sin (a-sin ^"(sin 

5 

{a = 90° - O p / 2) ... (6) 

[0074] This departing light beam corresponds to portion A of the quantity of light distributed as shown in Fig.l 
io [0075] When an incident angle 0, ot the light beam substantially equals 90° : its departure angle may have the 
following expression: 

G 0 = a - sin* 1 (n sin(a - sin" 1 (1/n))) < 7 ) 

is 

[0076] If the departure angle of a light beam exceeds the above-mentioned value, no light appears and brightness 
is sharply reduced. This critical angle will be called no-light angle. 

[0077] Fig.5 shows another refraction state of a prism lens. A part of a light beam appears from the prism lens after 
reflecting therein. A light beam enters into the prism at an incident angle 01 and becomes a refracted beam bent at the 
20 angle Q, to be determined by the formula (1 ). When the vertex angle of the prism is denoted by 0 p , the refracted light 
beam encountering the boundary of the prism lens at the angle 0 2 is expressed by the following formula: 

0 2 = 0 p /2 - 0 

25 ( 90° - 0 1 = e 2 + 90° e p /2) ( 8 ) 

[0078] If 0 2 is smaller than the critical reflecting angle determined by the formula (2), the light beam totally reflects 
at the boundary surface of the prism lens. This refracted beam encounters the boundary of the prism lens at the angle 
30 0 3 expressed by the following formula: 



35 
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0 3 =e 2 + 0 p -9O* 
( 0 3 = 180* - 90° - (i80°-e p -e 2 )) 



(9) 



[0079] This light beam passes through the prism lens at an angle 0 4 (the angle made by the ray to an imaginary line 
perpendicular to the prism's surface) expressed by the formula: 



(10) 



0 4 = sin* (n x sin 0 3 ) 

[0080] Finally, the light beam appears refracted at an angle 0 O expressed by the following formula: 

e 0 = 90° - e p /2 - e 4 

= a + sin" 1 (n-sinOp-a-sin* 1 (sin 6^/n)) 
50 (a = 90° -'e /2> ... (ID 

[0081 ] This departing light beam corresponds to portion B of the quantity ot light distributed as shown in Fig. 1 B. 
[0082] Fig.6 is a typical conventional liquid crystal display of transmission back-lighted type that comprises a liquid 
55 crystal panel 5 including a color filter glass 5a, a deflection plate 5b, a black matrix 5c and so on, for obtaining an image 
transmission light from a white light emitted from a back light (not shown), and a front transparent plate 7 made of 
acrylic resin and the like and disposed with an air-gap layer 6 on the front side of the liquid crystal panel (opposite to 
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the side facing to the back light). The front transparent plate 7 serves to protect the liquid crystal panel 5 against direct 
application of mechanical force and contamination by dust and dirt. 

[0080] In thus constructed liquid crystal display, white light from a back light (not shown) enters the liquid crystal 
panel 5 and passes therethrough to form an image on a display screen by light rays transmitted through the a.r-gap 

s layer 6 and the front transparent plate 7. ...„.•,«, 
[0084] On the other hand, one of the factors affecting the visibility of the liquid crystal display s reflection of the 
external light at the front surface of the liquid crystal display. Generally, the reflectance of light at an tnterface between 
two media having different refractive indices has the following expression: 
[008S] Light Reflectance FM^-naf/^+na) 2 ] x 100 (%) where n, and n 2 are refractive indices. 

io [0086] Reflected light rays are produced thereat at the above-mentioned reflectance. 
[0087] The reflection of external light is described further in detail as follows: 

[0088] When the external light encounters a front (incident) surface 7a of the front transparent plate 7 that is assumed 
to have a refractive index 1 .5% and a transmrttance 92%, about 4.3% of the incident light is reflected by the surface 
7a and about 4 1% of the incident light is reflected by the rear surface 7b of the front transparent plate 7. When the 

is incident light passing through the front transparent plate 7 strikes a front surface 5b, of the deflecting plate 5b that is 
assumed to have a refractive index 1.49% and a transmrttance 41%, about 3.3% of the incident light is reflected by 
the surface 5b,. When the incident light passing through the deflecting plate 5b encounters a surface 5c, of the black 
matrix 5c on the color filter glass 5a on the assumption that a reflectance of the black matrix is 30%, an aperture ratio 
of picture elements is 40% and a transmrttance of the color filter glass 5a is 95%, about 11 .6% of the incdent light is 

20 reflected by the surface 5c, of the black matrix 5c. The reflection of Ihe external light at a front surface 5a, (the boundary 
on the deflecting plate 5b) of the color filter glass 5a is negligible since the refractive index of color Alter glass 5a is 
nearly equal to that of the deflecting plate 5b. . ... 

[0089] As mentioned above, the conventional liquid crystal display reflects totally about 23.3% of external incident 
light from its front surface, that may impair the visibility of an image indicated on the display screen. Particularly, under 

25 plenty of external light, the reflected light becomes brighter than the picture image of the liquid crystal display, that may 
remarkably affect the display image contrast, i.e. impairing its visibility. 

[0090] Accordingly, to improve the visibility of the liquid crystal display by reducing reflected light rays at its front 
surface it has been proposed and adopted to apply antireflection coating to the front transparent plate of the liquid 

crystal display. , .. 

[0091] The prevention of light reflection by this thin film having an anti-reflection coating is based on that the anti- 
reflection coating may cause an incident light beam having a certain wavelength entered thereinto to be reverse in 
phase to a light beam reflected by rear surface thereof to cancel each other. This eliminates the reflection of the light 
toward the front surface thereof. 

[0092] Increasing the quantity of anti-reflection coatings may suppress reflection of light beams of all wavelengtns. 
[0093] Conventional transmission-type liquid crystal displays for use in liquid crystal television sets have used mainly 
a direct reflecting type back lighting units shown in Figs.7A, 7B or Figs.8A,8B. 
[0094] Figs 7A and 7B show a back lighting unit using a U-shaped fluorescent lamp, wherein IC chips 1 4a and 1 4b 
for a horizontal driver are mounted by TAB (tape automated bonding) on the upper edge and the lower edge, respec- 
tively of a glass plate 12, and IC chips 15a and 15b tor a vertical driver are mounted by TAB on the left edge of the 
40 glass plate 1 2 The IC chips 1 4a. 1 4b and 1 5a, 1 5b are connected to a drivers" substrate 1 6 by means of a member 
enclosing a liquid crystal display holder 17. A lamp unit 13 composed of a U-shaped fluorescent lamp 18, a reflecting 
plate 19 a diffusing plate 20 and an inverter unit 21 is inserted into the liquid crystal holder 17 from the right side 
thereof The inverter unit 21 includes a lamp driving circuit and electrically connected to the U-shaped fluorescent lamp 
1 8. The fluorescent lamp 18 can be exchanged with a new one after taking out Ihe lamp unit 1 3 from the holder 1 7 in 
45 the direction shown by the arrows A. 

[0095] In a thus constructed liquid crystal display, the driver's TAB package is bendable to reduce the size of the 
screen's frame, but it is difficult to make the U-shaped lamp 18 smaller in diameter, thereby the lamp unit 13 must be 
thick in size, increasing the total thickness of the liquid crystal display. 

[0096] Figs 8A and 8B show a liquid crystal display which uses a straight tube type fluorescent lamp 1 8 and is similar 
so in construction to the liquid crystal display of Figs.7A and 7B. In this case. IC chips 1 4a. 1 4b for a horizontal driver, C 
chips 15a 15b for a vertical driver and a drivers" substrate 16 are mounted on the same plane with a liquid crystal 
panel 11 to reduce the thickness of the liquid crystal display. The straight tube-type fluorescent lamp 18 may have a 
reduced diameter. This enables the lamp unit 1 3 to be thinner thereby assuring the possibility of reducing the thickness 
of the liquid crystal display 

55 [0097] Fig s 9 and 10 are construction views of conventional transmission type liquid crystal displays wnicn are 
provided with, respectively, a back lighting device of a light-guiding type (Fig.9) and a back lighting device causing 
bottom reflection (Fig.10). In Figs.9 and 10, there are shown a liquid crystal panel 31. a reflector 32. a diffus.ng plate 
33 a light guiding plate 34 having a lateral inlet surface 34a, a front surface 34b and a bottom surface 34c, a reflecting 
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plate 35. a fluorescent lamp 36 and a reflecting plate 37. Mnh , - uidina Woe wherein liaht rays from the fluores- 

?0098] in Fig.9, there is illustrated the backing ^^^S^^SZ plate S^through the lateral 
cent lamp 36 enter directly or. after bang ref.ec ed sur1 ace 34b thereof and then are 

inlet surface 34a. then repeatedly reflected at the bottom surfac f A , the back of the light 
emitted as homogeneous back lighting rays 

guiding plate 34 is p.aced the reflecting P»»W«M £ , ight rays can be effec tive.y used. Light 

Uid crystal display, light rays from ^^^^^^^^ ^ 0 °' ,iqUid 
;oToor"llore,heflght-gu rr gp 

homogeneous light rays of a relatively small ^ e d a^ me front surface of the light-guiding plate 34 and 

P R~-U n™ » •» acconwna *>»lnga p»l«»« <* ft. p.aaan, ln.en.lon -ill b. » 

scribed in detail as follows: r «f rar *inn rharacteristic Fia 11 A and a view angle char- 

[0104] Figs.112and 113are views, respect^ely, showing a refrac wn_ ^^^^Aids^Lpr^ 
LcteristicFig, 1B o.aprism lens embodied in = 
portion and a flat portion, respectively, of a prism lens and numeral « B £ jew |e cnar . 

represents a portion of a view angle characteristic of a , pnm portion and s a port ^ 

lens may have the following expression: 
<"> q o = a . sin' (n-sin" 1 (a-sin 1 (1/n)) (where a = 90» - S p /2) 

according » ft. praa.nl hv.nlion, as OescrMO n '•»«"'» " .iSaS m MntonM llghl b«m app.ar. al 
ratio of the flat portioned area to the prism lens area. d wjth flat portions 42 each between two prism 

portions and the number of prism portions. retraction coefficient 
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e Q = a - sin -1 (n«sin(a-sin _1 ( 1/n) ) ) 



= 45° - sin" 1 {1.585-sin(45 0 -sin _1 (l/1. 585)) ) 
=. 35.6° 

t0108] Since O 0 >90», the departure of the light beam occurs in the angular direction B 0 thanks to the provision ot 

mm "hS^ to 13D are construction views of another embodiment of the prism lens acc*rdi 

nventton InFigs 13Ato 1 3D, numerals 41 and 43designate a prism portion and a pnsm lens. In F,g.13B. Arepresents 

r P ort ion da view angie characteristic of a prism PI and B represents a portion of a v.ew angle character.^ of a 

S ™nd c reoresents a portion of a view angle characteristic of the whole system. The design of a pnsm lens 

SCbedefer^ 

anS a back lighting system. When the prism portions of the prism lens unit of Fig.13A have vertex ang.es G p1 and 0 p2 
respectively, the non-lighting quantity angle is defined according to the expression (6): 

e oi(2) = a • sin 1 (n sin (° t - sin * 1 ( 1/n ^ ( where a = 90 ° ■ e P i(2) /2 ) 

101101 Since no light appears at angles greater than the above-mentioned angle, a single prism lens sharply 'loses 
SVuminosi^ However, according to the present invention, the proviso of prism lenses havng , "J" 
enlbTJs thSight beam to pass at the direction of ang.e 0 O1(2) . The intensity of the light beam directed - the angular 
direc fion 0 n I can be adjusted by means of a duty ratio of the vertex angles and the area of the pnsm port.ons^ F* 
1 3C s^ws°a IZ unft haling different vertex angles at each prism portion. Referring to Fig.1 3D, a p.urahty of pnsm 
aSnged wKh the prism portions each having a different vertex angle between two P = o = where, 
the view angle, characteristic of the prism lens unit, can be adjusted by means of the pnsm portions area and the 

EST tSm^leTthe case of the prism lens having the vertex ang.e of 70= (0 pl ) and 1 00' (e p2 ) of a prism and 
a retraction coefficient of 1 .585, the non-lighting quantity angles are calculated as follows: 



e Q1 = 33° - sin 1 (1.585-sin(33°-sin 1 ( 1/1 . 585 ) ) ) 
'=. 29.3° 



9 o2 = 40° - sin 1 (1.585-sin(40'>-sin 1 (1/1.585))) 
= 38.6° 

10112] Since the non-lighting quantity angles are shitted from each other by 10'. the combination of the two prisms, 
havina different vertex anqles, may generally remove the non-lighting portion. 

he non-lighting quantity angles by adjusting the vertex angles of the prism portions. Th.s means the further poss^lrty 
to see comp etej even an image on an LC disp.ay when viewing it from the front of the display but you may have any 
characte or figure reiieved against the background on the screen of the display when changing the viewing an e to 
a specified . direction. This is achieved by selectivefy eliminating the non-lighting quantity angle from only a specified 

Kifl Cand UB show an examp.e for relieving a character or symbol against a background on the LC 

£ pity sc -en onfy at a specified viewing ang.e by means of providing a flat portion a pnsm shee For example 
in the case of the prism lens having a vertex angle of 90» (0 p ) and a material refracfon coefficient of 1.585, the non 
lighting quantity angles are calculated as follows: 
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9 = 45° -sin" 1 (1.585 -sin" 1 (45° -sin" 1 (1/1. 585)) ) 
0 

*= 35.6° 

5 

[0115] When viewing the display screen at a viewing angle of 35.6, you may see thereon the symbols (O A X □ in 
Rg 1 4B) that can never be seen when viewing them from the front. This enables you to pu any symbol. *»m«tang 
taTqua.tty control on the display screen with no fear of affecting the image's quality on the LC d.sptey. Furthermore . 

roTief ISA to ISC show examples for giving a plurality of non-lighting quantity angles to a prism lens unit by 
providing a prism having a different vertex angle on the part of the prism sheet. For instance, m the case of F g.15B 
Eh Sludes a prism having a vertex angle of 70°, normally invisible symbo.s A • ■ ■ become v.s.ble on* at a 
,S "ewinq anqle of 29 3° and in the case of Fig.15C having a vertex angle of 100' normally .nv,s,ble symbols OODO 
bZSlTya. a viewing angle of 38%. In both cases such visibility * obtained by making the correspond^ 

[WIT] 8 Ffc.16 shows a back-lighted transmission type liquid crystal display by means of example, according to the 

20 ' TSu^crysta. display according to the present invention comprises a liquid crystal pane. 44 which includes 

a color titter qlass 44a a deflecting plate 44b and a black matrix 44c and so on lor obta.n.ng an .mage ransm.tt,ng 
ISSZ a wSig^emitted by a'back light (not shown), and a front transparent plate 45 made of acryta ^s.n and 
thelikeandcloselyattachedtothefront surface ^^^^ 

The front transparent plate 45 serves to protect the liquid crystal panel 44 against d.rect appl.cat.on of mechan.cal 
25 force and contamination with dust and dirt. „i 0 t Q aah rrf linn id 

[0119] In thus constructed liquid crystal display, the front transparent plate 45 and the deflect.ng P late 44b o hqwd 
crystal pane. 44 are bonded to each other with adhesive 48 of which the refractive ,ndex .s nearly equal to the deflecting 
plate 44b and the front transparent plate 45. 

£)120] Fig 17 is an enfcrged view of the portion Aof Fig.16, showing a front transparent panel 43 wh,ch has a , non- 
30 glaring uneven surface portion 45a for converting reflected light to scattered and is coated at the uneven surface with 
a anti-reflection laver 46 of several angstroms in thickness. 
[oS] SuscLtructedliquidcrysLd 

panel 44 and passes therethrough to form an image on a screen thereof by transmitted l.ght, wh.ch .s visible through 

the front transparent plate 45. ,_,-,■„.. f „ii„..,«. 

3S [0122] The reflection of external light at the front surface of the liqu.d crystal display ,s as to lows. 

0123 The external light reflection at a front (incident) surface 45a ol the front transparent plate 45 ,s raducodtc .an 
amount of about 0.1% of incident light by means of the antireflection film 46. No reflection occ^s a, a s, ^ace ^a and 
a rear surface 45b of the front transparent plate 45 because the front transparent pfate 45 £^^£?£22 
plate with the adhesive having nearly equa. refractive index that the two plates have. When th ^ .nc.dent hgW pass ng 

40 Lough the deflecting plate encounters a surface 44c, of the black matrix 44c on the color fitter glass . 44a or the 
assumptbn that reflectance o, the black matrix is 30%, an aperture ratio of 

tance of the color After glass is 95%, about 11 .6% of the incident l.ght ,s reflected by the surface 44c, of the btack matrix 
44c.Tota. reflection of externa, incident light at thefront surface of theliquidcrystad,^ 
of the external incident light and this figure means that the reflection of external light .s reduced to 1/2 .n 
4 s with the previously described conventual .quid crystal display The reflection of light at a front surface 44a, he 
bounds on the deflecting plate 44b) of the color fitter glass 44a is negligible since the refracts .ndex of color filter 
44a is nearly equal to that of the deflecting plate 44b. 

51 front transparent p.ate 45 prevents the reflection of externa, incident light by ,1s "Mcton film « and 
assures the improved visibility of display screen even at a bright place by scatter.ng the reflected external l.ght by the 

so irreaular surface portion on the antireflection coating. ; c 
Sl2S] Fig.18A Tnd 18B are construction views of a liquid crystal display embodying the present 
comonsed of a thin-film transistor (TFT), a glass plate 52. a liquid crystal holder 53. IC ch.ps tor a honzontal dwer 
EES chips "J! werfica. driver 55a a deer's substrate 56. a reflecting pfcte 57. a ^.J^^Tln Fi^ 
58 a lamo reflector 59 a lamp holder 60. a diffusing plate 61 , a converging plate 62, a l.ght-gu.dmg plate 63. In Figs 

ss LanT^umeS 

and having a thin-film transistor (TFT) composing picture elements, a color filter RGB. black ^ c ^^JzoZ 
elements and bus lines to each picture element, and a drK,er substrate 56 on which IC ch,ps . 54b 54b for « 
driver and IC chips 55a, 55b for a vertical driver are mounted. The IC ch.ps 54a and 54b are disposed at the lower 
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ed^th.ela.s^ehdmelC,^ 

,C chipsets -«'**'» "™«* d TF T »e epPeTsedace to F.9.18B) ol . DacK luting „„«. 

tade-typ. Itao.eseeht lamp 58 and is <*N^ "V^'ST £«Zp PACK 59 JncUIng M lamp. as ehowt. 
A lamp holder 60 hoWs Ih. analgia tee.-type ""^SLSSSi «STSlb Lead «*» °< *• ^ 58 " ,rougn 

lamp 58 through the lateral surface thereof and unrtormiy ^ prop 9 » 63soastoreflectth e light therefrom, 

screen, a reflecting plate 57 disposed on ^^^^SSSJ, P* 63 and a converging plate 62 for 
a diffusing plate St for diffusing l.ght from the ^ Sarlcteristic substantially corresponding to a view 

— - ■> Nr- - - * — 

pl.t. 63 thtouph its Mm sud.ce, *««. •»» '^^'^Ss^^lnSTm.matj* Ho*, ight-goldiog P«. 
:gh,,a»,«ldn9,.om»,.to«om»d« e c<m^ 

63. Lipid ray. pp.sm.0u9h the l.onl serfao. ol the Isjhl amdu^ 1 po» ^ C(jraeque „„ y m . 

may ... tudhs, eonvetff>d 1. the daemon tow.td >™<'^™^£aJLmi cotreepoadkig .0 the view 

reflector 77. _ or after rettec tion by the reflector 77. into the light- 

[01 31] Light rays from the fluorescent lamp 76 enter. d^ecty o ^ ^ ^ Qn ^ ^ 

guiding plate 74 through the latere. ™ ^££22^ *•«*■«• u P ward fr ° m the SUrtaCe 

surface 74b thereof and then ^^^X^ P Je 75 by which light rays, leaking from the 
thereof. At the back ol the light-gu.d.ng plate 74 is placed ^ «J™P t , h . y guiding pla te 74, thereby light rays 
bottom surface of the light-guiding plate ,74 ^SS^SS^n^^-^ ^ P«— y3 to 

can be effectively used. Light rays entiled 1n ^^S^SS^L^ the liquid crystal panel 71 . 
homogeneous by diffused light having small d,rect, ^ a ^ h ^ '""/"J de vice shown in Fig.9 in that a prism-like con- 
[0132] This embodiment differs from ^T^^f^^^S^ pWe 73. In the embodiment, back 
Urging pfcte 72 is provided between the hqud crystal J"^^^ ^cion by the prism-like converging 
lighting raysdirected upward anddo^ c shQwn jn Fig . 26 , which is similar 

plate 72. Consequently, the embodiment may ^JV™*^ have a rem arkably increased axial luminosity 
in directionality with characteristic D of the hqu d " 4.26, of the conventional diffusing plates, 

in comparison with the view angle ^TS^JL^^JL. shown in the enlarged section in Fig.21 in 
[01 33] Application of the converging plate ^^JJ^eLc. in a vertical view angle direction. If the spacing 
45 a horizontal d.rection is effective ^^^"^^^^^ to that of the vertical picture elements of 

so of about 200pm in a vertical direction, the P"-^£™^ ^ fringes can be eliminated. 

o, not more than 50p.m. thereby the ^^ctZ^^^ boLn-ref.ecting type wherein a reflecting 
[0135] Fig.22 is a constructs v.ew of a becking devee ol a ^ ^ numefa|s ^ 

sacist"^ F Tr=,:r:Upie,^ 9 p.-- S t— 
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SSf ^SSSSS SJ^S^S^S^h. device using a we.ded guiding un, and Pig. 
24 showMhe portion Bo1Rg 23B in an enlarged scale. In Figs.23A.23B and Fig.24, there are shown a converging 
Le s7 a omSg plate 82 Ling a protrusion 82a, a light guide plate 83 having an inlet port»n 83a. a front surface 
Sa atSl 83c. a rlcting plate 84. and image area of a .liquid crysta, , pane, 85 are «** 88 a temp 
87. a liquid crystal panel 88. a back lighting unit 89 with a welded portion 89a and protrusions 89b, 89c. and a reflecting 
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75 



20 



rai 381 Ught rays from the fluorescent bmp 87 are injected, directly or after reflection by the reflector 86, into the 
J! p ate 83 through the inlet portion 83a thereof, wherein they repeatedly reflect at the bottom surface 83c and 
Tf on sSace 3 83L and then exit^om the front surface 83b. 'g^wZ 
the bottom surface of the light guiding plate 83 and again injects them into the light gu.d.ng plate 83. The I gh rays 
JomTeTght guTding plate 83 enter into the converging plate 82 wherein they are diffused to homogeneous Ught rays 
SI nSSLn In the embodiment, between the diffusing plate and the liquid crystal panel, the convergmg plate 
STI light rays of conventional view angle characteristic B". substantially even as shown in 
F q 26 to have a view angle characteristic C similar to that of the liquid crysta. panel, causing upward downward and 
d aaonaniqhuays TconLge in the front axial direction. Such light rays assure the increased front lummos.ty o an 
£S on tSe fa£ SSSSl. The converging plate, having prism-like grooves in the horizontal direction, » effects 
STSZCS^WM converging characteristic in a vertical visual, angled direction. ^^^^T^ 
prism-like grooves of the converging plate is substantially equal to that of the vertical picture elements 
crystal panel, there may occur periodical uneven luminosity which appears as moire fringes on an image ^ted on 
Z qu* crystal display. Accordingly, when the picture elements of the liquid crystal panel are ™^Z?*™TaX 
at intervals of about 200pm in a vertical direction, the prism-like grooves of the convergmg plate shall be arranged at 
intervals of not more than 50nm, thereby eliminating moire fnnges „™ nnna nt s to form an 

[0139] The present invention also proposes a method for welding the above-mentioned components to form an 
25 integrated unit which will be described in detail as follows: - thermal 

[01 40] In the case when a light guiding plate 83 and a defusing plate 82. each made Jawmg a he ma 

expansion coefficient of 6 to 7 x 10-5cm/cm/°C, a converging plate 81 made of polycarbonate ""^^JS 
expansion coefficient of about 2 x 10-s C m/cm/°C and a reflecting plate having a thermal expansion coefficient of about 
X TSScm^C are we.ded with each other at the periphery to form one unit having an area size equal to a 4-,nch 
dispU scr^n The unit in operation at temperatures of 0 to 50»C may be subjected to thermal deformation by about 
oTto 0 3mm thereby causing on uneven luminosity of back light. Accordingty. the present invention prov.des such >a 
metSxi'a^hown in Fig.23A me back light unit 89 is made in a size larger than the liquid crystal display screen 88 1 by 
Tou^m at eac n peripheral edge and its components each are welded at one of two locatmg protrusions 89b 89c 
Tro deTo, mounting to a backlighting ho.der 91 as shown in Fig.25B. The proposed method may 
possibility of causing an uneven luminosity in the weld portion of the unit on he display ^eenas we« as el^inatmg 
the possibility of the occurrence of uneven luminosity due to the thermal deformation of the components since each 

[0 S 1«]° W One of the proposed methods is to adhesively attach reflecting plates 83d.83e respectively to both side sur- 

other components and by surfaces, except for upper surface 91d for mounting a liqu.d crysta. panel, o fa ^back ight ng 
holder 91 shown in Fig.25B. All opposed surfaces of the components are made of or coated with a material of a high 

45 'S^r^Uo.s a portion B o, Fig.23B to an enlarged scale. The portion between a temp 87 and a light inlet 
surface 83 L of aTght guiding plate 83 is enclosed by a reflector 86 and a reflecting plate 84. but, as shown n F,g.23B 
a dmulnTpie £ has an end 82a protruding in the direction o, the reflector 86. Therefore lig t ray, rem«ed £ £ 
lamp 87 may ,eak through the protruding end 82a of the diffusing pfcte 82 and trave towarc Mh. £«d "JJJ^SS 

so causing uneven luminosity on the display screen and resulting in a loss of ...uminat, orv Acc-d ngry^a 9^efl^g 
element 90 is adhesively attached to the lower surface of the protrusion 82a of the drffusmg plate 82 to prevent 
leakage of light rays therethough. 



30 



35 



40 



55 Claims 

1 . A liquid crystal display provided with a back light, characterized by: 
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a display means for displaying characters and graphics, said means including a display portion comprising at 
a^n^ 

comorisina a lamp unit integrally termed of at least a lamp 58 and a lamp reflector 59 for reflecting light rays 
J3£2i K. «. Son. and a back light unit integrally formed of a light-guiding plate 63 for receiving 
Zin^Trafs of^famp 58 ihrough a latera, surface thereof and for uniform* 

the light Sys therein, and a reflecting plate 57 disposed on the rear surface of the l ght|U.d ng plate 63 to 
reflect ligM rays from the rear surface of the light-guiding plate 63; and a diffusing pfate 6 deposed on the 
^Tsurface ol the light-guiding plate 63 to diffuse light rays from the front surface of the hght-guKJmg plate 63 

Sc'stldfeplay holder 53 for ho.ding the lamp unit, the bacK light unit and the .iguid crystal panel 51 in 
definite positions, 

characterized in that an integrated-circuit chip 54a. 54b for a horizontal driver and J «JJ*J^ *J 
ssh for a vertical driver are mounted each on one of two ad acent peripheral edges of the liquid crystal panel 

ITs^ZZ^Z^ on one of two remaining peripheral edges of the liquid crystal pane, 51 . whereon 

no IC chip is mounted. 
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FIG.6 
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FIG.8A FIG.8B 
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FIG.9 
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FIG.13A 




FIG.13B 
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FIG.14A FIG.14B 



90° PRISM SHEET 

V 




FLAT PORTION 



FIG.15A FIG.15B 



FLAT PORTION 




100° PRISM SHEET FLAT PORTION 



Page: 24 



EP 0 908 757 A2 



FIG.16 
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FIG.18A FIG.18B 
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FIG.20 
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